SUMMARY Five pairs of rabbit corneas were stored for two weeks at 4°C, one of each pair in K-Sol medium, and one in McCarey-/Kaufman (M-K) medium. After transplantation all penetrating keratoplasty grafts became clear and thin. Endothelial cell loss was significantly less in the K-Sol stored corneas. Another five pairs of corneas were stored for two weeks in K-Sol or three days in M-K medium. After penetrating keratoplasty there were no significant differences in clarity, thickness, or endothelial cell loss. The results indicate that K-Sol provides satisfactory mediumterm corneal storage compared with short-term storage in M-K medium at refrigerator temperatures.
K-Sol, a new corneal preserving medium, which contains TC-199, 2.5% chondroitin sulphate, and HEPES buffer, has been tested for medium-term storage of donor corneas for two weeks with satisfactory results.'2 The present study was designed to compare K-Sol and M-K medium preservation of endothelial cell viability in rabbit corneas after penetrating keratoplasty.
Materials and methods

TWO-WEEK STORAGE IN K-SOL AND M-K MEDIUM
Animal care and treatment in this investigation were in compliance with the ARVO resolution on the use of animals in research. Five New Zealand white rabbits, 2-3 kg body weight, were killed with an overdose of intracardiac pentobarbital. Paired corneas with 2 mm of scleral rim were excised by means of standard eye bank procedures. Endothelial cell density was determined by specular microscopy. One cornea from each rabbit was stored in K-Sol (Cilco), and the fellow cornea was stored in M-K medium, both at 4°C. Gentamicin (100 ,ug/ml (100 mg/l) was added to both preserving solutions. After two weeks the paired corneas were used for penetrat- ing keratoplasty. A 7-5 mm donor button was trephined from the endothelial side, and the graft was transplanted into a 7*0 mm recipient bed and sutured with 10-0 nylon. One eye of each of five rabbits received a cornea stored in K-Sol and the fellow eye received the mate cornea, stored in M-K medium. After surgery 1% atropine and gentamicin ointment were applied daily for three days.
Postoperative examinations included slit-lamp biomicroscopy to evaluate graft clarity and the measurement of central graft thickness by ultrasonic pachymetry (Acutome corneometer; 1640 m/s) on days 1, 3, 5, 7, and 14. On day 14 the rabbits were killed by an overdose of pentobarbital and the corneas obtained and stored in the original preserving medium until the cells were counted. Endothelial cell density was determined by three independent observers, each of whom counted cell densities in three different 1 mm2 areas. All examinations, as well as the surgery, were performed in a masked fashion.
Paired corneas from five rabbits were used. One cornea from each pair was stored in K-Sol for two weeks and the fellow cornea was stored in M-K medium for three days, both at 4°C. The surgical procedure and postoperative examinations were identical to those described above. 860
Results
TWO-WEEK STORAGE IN K-SOL AND M-K MEDIUM
Both groups of grafts were oedematous on the first postoperative day: 0565±0-08 mm for those stored in K-Sol, and 0-587±006 mm for those stored in M-K medium (± here and below denotes standard error of the mean). Swelling decreased rapidly. By day 3 corneal thickness was 0400±0-03 mm in the K-Sol group and 0410±0±04 mm in the M-K group (Fig. 1 ).
All the grafts continued to decrease in thickness thereafter, but differences between the two groups were not statistically significant at any time.
All but one of the grafts were clear after day 5. One rabbit with a graft stored in K-Sol had broken sutures over one quadrant and the anterior chamber was filled with fibrin clots on day 7. During an attempt to remove the fibrin clots and repair the wound the lens was ruptured, with vitreous prolapse. The lens material was removed and anterior vitrectomy performed, after which the wound was repaired successfully. On day 14 the graft was still oedematous, with a corneal thickness of 0O51 mm; the graft in the fellow eye remained clear. The graft in the damaged eye cleared on day 21, at which time cell densities were determined in both eyes of this rabbit. Endothelial cell density was higher in the K-Sol stored eye than in the fellow eye with the M-K medium-stored donor tissue (Fig. 2) . Endothelial cell loss averaged 24-2% in the K-Sol group and 33-2% in the M-K medium group (Table  1) . The difference was statistically significant (p= 0-023).
TWO-WEEK STORAGE IN K-SOL, THREE-DAY STORAGE IN M-K MEDIUM
On the first postoperative day all grafts were oedematous; the K-Sol group was slightly thicker than the M-K medium group (Fig. 3 ). Both groups of grafts thinned rapidly, and all grafts were clear and less than 0-4 mm in thickness on day five. Differences in thickness between the two groups were not significant. Endothelial cell loss in four of the five K-Sol stored grafts was slightly less than the M-K stored grafts but the differences were not statistically significant ( Table 2 , Fig. 4 ). Discussion M-K medium, which contains TC-199, HEPES buffer, and dextran, has been widely used to preserve donor corneal tissue in eye banks all over the United States. However, M-K medium is a short-term storage solution, with a maximum preservation time of 72 hours depending on the condition of the donor tissue prior to storage." Prolonged preservation in this medium is not recommended. Early studies by Van Horn et al. ' showed more than 20% cell death in cat corneas after five days of storage in M-K medium.
K-Sol contains TC-199, HEPES buffer, and chondroitin sulphate. In studies comparing chondroitin sulphate and dextran in preservative media Schimmelpfennig found that 5% chondroitin sulphate reduced endothelial cell damage in human eyes, compared with 5% dextran, after one or two weeks of In our previous studies we found that 2 5% chondroitin sulphate is the optimal concentration for corneal storage.' The osmolality of K-Sol is 310 mOsm, and the pH is maintained at 7-4 by HEPES buffer, which has also been determined to be optimal for corneal preservation." In the present study two weeks of storage in K-Sol and M-K medium followed by penetrating keratoplasty demonstrated no differences in corneal deturgescence and graft clarity, but significantly less endothelial cell loss in the K-Sol group. In their study of penetrating keratoplasty in rabbits Bigar et al. ' obtained clear grafts from donor corneas stored in M-K medium up to 14 days. In our study, after 14 days of storage in M-K medium, all grafts were also clear, and the average endothelial cell density was still adequate to maintain healthy corneas (2225 cells/ mm'). However, our quantitation of endothelial cell loss in the early postoperative period indicates that K-Sol provided better preservation of endothelial cells than M-K medium over a two-week period, and at least comparable preservation for 14 days compared with three-day M-K storage.
In spite of the fact that rabbit corneal endothelium is capable of cell division and regeneration it is important to note that, in this study, even 14 days after surgery there was still a significant difference in endothelial cell densities in the groups that received corneas stored for two weeks in the two media. It seems probable that this difference can be attributed to improved preservation of the endothelial cells stored in K-Sol compared with those stored in M-K medium for this medium-term interval. The fact that the K-Sol stored graft with the broken suture survived with less cell loss than the fellow eye implies that corneas stored in K-Sol for two weeks can tolerate severe surgery with no long-lasting ill effects. Further investigation in humans is needed to confirm these findings. 
